Tyrosine phosphorylation of the Janus kinase 2 activation loop is essential for a high-activity catalytic state but dispensable for a basal catalytic state.
The phosphorylation of an "activation loop" within protein kinases is commonly associated with establishing catalytic competence, and phosphorylation of the Tyr(1007) residue in the activation loop of Janus kinase 2 (JAK2) has been shown to be essential for intracellular propagation of cytokine-initiated signaling. We provide evidence for the presence of a basal activity state of JAK2, which was observed in the absence of activation loop phosphorylation. Phosphorylation of the JAK2 activation loop was essential for conversion to the high-activity state, characterized by high-efficiency ATP utilization during autophosphorylation. Mutagenesis of activation loop tyrosine residues Tyr(1007/1008) to phenylalanine residues impaired, but did not abolish, the enzyme's ability to autophosphorylate. The activation loop mutant JAK2 could also transphosphorylate an inactive JAK2 fragment coexpressed in Sf21 cells, providing evidence of exogenous substrate phosphorylation. The mutant enzyme remained in a basal activity state characterized by low-efficiency ATP utilization during autophosphorylation. Mutagenesis of a critical Lys(882) residue to a glutamate residue abolished all evidence of kinase activity, confirming that the observed activity of Tyr-to-Phe mutants was not due to another kinase. Our data are consistent with the proposal that JAK2 is an inefficient but active enzyme in the absence of activation loop phosphorylation and is capable of conversion to a high-activity state by autophosphorylation under physiological ATP concentrations. This theoretically precludes the need for an upstream activating kinase. The activation process of JAK2 may be envisioned as a multistate process involving at least two kinetically distinct states of activity.